Prognostic factors and historical trends in the epidemiology of candidemia in critically ill patients: an analysis of five multicenter studies sequentially conducted over a 9-year period Abstract Purpose: To describe temporal trends in the epidemiology, clinical management and outcome of candidemia in intensive care unit (ICU) patients. Methods: This study was a retrospective analysis of 1,392 episodes of candidemia in 647 adult ICU patients from 22 Brazilian hospitals. The characteristics of candidemia in these ICU patients were compared in two periods (2003-2007, period 1; 2008-2012, period 2), and the predictors of 30-day mortality were assessed. Results: The proportion of patients who developed candidemia while in the ICU increased from 44 % in period 1 to 50.9 % in period 2 (p = 0.01). Prior exposure to fluconazole before candidemia (22.3 vs. 11.6 %, p \ 0.001) and fungemia due to Candida glabrata (13.1 vs. 7.8 %, p = 0.03) were more frequent in period 2, as was the proportion of patients receiving an echinocandin as primary therapy (18.0 vs. 5.9 %, p \ 0.001). The 30-day mortality rate decreased from 76.4 % in period 1 to 60.8 % in period 2 (p \ 0.001). Predictors of 30-day mortality by multivariate analysis were older age, period 1, treatment with corticosteroids and higher APACHE II score, while treatment with an echinocandin were associated with a higher probability of survival. Conclusions: We found a clear change in the epidemiology and clinical management of candidemia in ICU patients over the 9-year period of the study. The use of echinocandins as primary therapy for candidemia appears to be associated with better outcomes.
Introduction
Despite the best efforts of the medical community, the morbidity and mortality associated with candidemia remains elevated, with crude mortality rates of C40 % [1] [2] [3] . In addition, population-based studies conducted in the USA and Europe suggest that the incidence of candidemia has increased during the last decade [4] [5] [6] . Patients admitted to intensive care units (ICUs) are at high risk of developing candidemia, with recent multicenter studies reporting that 30-40 % of candidemic patients were in ICUs at the time of the diagnosis. Delays in initiating antifungal therapy may increase mortality rates in patients with candidemia [7, 8] . Consequently, serious attempts have been directed to validating predictive guidelines based on risk factors and/or the presence of fungal biomarkers in order to assist clinicians in their decision to provide early antifungal therapy to patients at high risk [9] [10] [11] [12] .
In Latin America, overall mortality rates of patients with candidemia are usually higher than those observed in the Northern Hemisphere [13] [14] [15] . However, it should be noted that data on the epidemiology and prognostic factors associated with candidemia in patients admitted to ICUs in Latin America are scarce. Therefore, the main objective of this study was to evaluate historical trends in the epidemiology and clinical management of patients admitted to ICUs in tertiary care hospitals in Brazil, as well as to identify the prognostic factors of candidemia.
Patients and methods

Patient selection and data collection
This is a retrospective analysis of a collection of candidemia cases created by merging the databases of five prospective laboratory-based surveillance cohorts conducted in 22 tertiary care medical centers in Brazil between March 2003 and February 2012. Only tertiary care hospitals providing medical care in most medical specialties participated in these five studies, and they can be categorized as public hospitals (n = 13), which provide medical assistance to low-income patients, and private hospitals (n = 9), which are for-profit medical institutions that provide care mostly to patients covered by private insurance plans. These hospitals are representative of public and private reference medical centers located in 12 large cities in Brazil. In the first two cohorts, only patients from public hospitals were enrolled, while in the latter three cohort studies, the patients were from a mixture of public and private hospitals.
An investigator at each medical center was assigned the specific task of contacting the microbiology laboratory of the hospital on a weekly basis in order to collect clinical and epidemiological data of all incident cases of candidemia. This investigator was trained to record such data on a standard case report form using a dictionary of terms that included all definitions of underlying conditions and medical exposures collected during the study. The case report form, dictionary of terms and strategy for data collection were the same in all five surveillance studies. Patients were followed up to 30 days after the incident candidemia or death. A case of candidemia was defined as the incident isolation of Candida spp. from a blood culture. The date of the incident candidemia was defined as the date of the collection of the blood culture that became positive for Candida species. Candidemia occurring [30 days after the incident isolation was defined as a new case. Fever was defined as an axillary temperature of C37.8°C and neutropenia as an absolute neutrophil count of\500/mm 3 . Cardiac and lung diseases were considered if the patient presented any cardiac or lung condition requiring active treatment. Such conditions included (but were not restricted to) congestive heart failure, coronary arterial disease, hypertension and cardiac arrhythmias (cardiac diseases), as well as chronic obstructive pulmonary disease, asthma, emphysema, bronchiectasis or chronic pneumonia or interstitial disease of any etiology (lung disease). Renal failure was defined as any documented serum creatinine value of [1.5 g/dL.
With the exception of invasive medical procedures and antibiotic use, we considered all these manifestations documented up to 30 days before the date of the incident candidemia as conditions associated with candidemia. Data on central venous catheters, dialysis and antibiotic use were captured up to 15 days before the onset of candidemia. Data on surgery requiring general anesthesia was captured up to 3 months before candidemia. All medical records were reviewed and monitored by a central data collection system for the analysis of completeness and consistency. In cases of uncompleted or inconsistent clinical forms, queries were generated and sent back to the investigators for corrections or completion.
Yeast identification
All Candida bloodstream isolates were sent to a central laboratory (Special Mycology Laboratory, Escola Paulista de Medicina, UNIFESP) for further species identification based on the micromorphologic characteristics of the colonies and biochemical tests (ID 32C system; BioMérieux, Marcy l'Etoile, France).
Data analysis
For this analysis we excluded patients aged \18 years. We compared candidemia occurring in ICU patients versus non-ICU patients in terms of baseline characteristics, clinical manifestations, species distribution, treatment and outcome. In addition, we arbitrarily defined two 5-year periods (2003) (2004) (2005) (2006) (2007) 
Results
A total of 1,392 episodes of candidemia were collected for analysis. The median age of the patient cohort was 62 (range 18-97) years, and 718 were males. C. albicans was the leading etiologic agent of candidemia (42 %), followed by C. tropicalis (20 %), C. parapsilosis (19 %) and C. glabrata (9 %). The 30-day crude mortality rate was 62.4 %.
In 647 episodes (46.5 %) the patient was in an ICU at the time candidemia was diagnosed. Comparison between these patients and those who were not in an ICU is shown in Table 1 where it can be seen that ICU patients were older (median of 66 vs. 58 years, p \ 0.001) and more likely to present comorbidities such as renal failure and neurologic, cardiac or lung disease. Likewise, ICU patients were more likely to have been exposed to surgery, dialysis, mechanical ventilation, central venous catheterization and antibiotics. However, non-ICU patients with candidemia were more likely to have cancer (especially hematologic malignancies), organ transplantation and auto-immune diseases. Non-ICU patients were also more likely to have neutropenia and to have received anticancer chemotherapy and immunosuppressive drugs. The 30-day crude mortality rate was 70.3 % in ICU patients and 52.6 % in non-ICU patients (p \ 0.001). In terms of species distribution, the only significant difference was a lower proportion of C. parapsilosis among ICU patients (17.2 vs. 21.7 %, p = 0.03). Of note, both the proportion of C. glabrata candidemia and prior exposure to azoles were similar among ICU and non-ICU patients.
The proportion of patients who developed candidemia while in the ICU increased from 44 % in period 1 to 50.9 % in period 2 (p = 0.01). Table 2 shows the comparisons of episodes in the two periods. As expected, the proportion of patients in private hospitals was higher in period 2, as was the proportion of patients with liver or neurologic diseases. Prior exposure to fluconazole (22.3 vs. 11.6 %, p \ 0.001) and candidemia due to C. glabrata (13.1 vs. 7.8 %, p = 0.03) were also more frequent in period 2. Of note, the increase in the proportion of C. glabrata over the entire study period was mostly driven by a change in the proportion of public institutions Antifungal treatment was given to 72.7 % of patients in period 1 and 77.3 % in period 2 (p = 0.19). During the study period the antifungal drugs prescribed for the primary treatment of candidemia changed, with a decrease in the use of deoxycholate amphotericin B (27.8 vs. 13.4 %, p \ 0.001) and an increase in the use of echinocandins (5.9 vs. 18.0 %, p \ 0.001). The use of lipid formulations of amphotericin B also increased from period 1 to period 2 (3.1 vs. 6.2 %, p = 0.11), but the difference was not statistically significant. Of interest, the 30-day crude mortality rate decreased from 76.4 % in period 1 to 60.8 % in period 2 (p \ 0.001).
The main characteristics of candidemic patients according to admission to ICUs of public or private hospitals are shown in Table 3 . Patients in public hospitals were significantly younger, and a higher proportion had autoimmune and lung diseases; in private hospitals, a higher number of patients had neutropenia and received cancer chemotherapy. In terms of species distribution, C. albicans was more frequently isolated in public institutions (48.6 vs. 39.6 %, p = 0.02), whereas C. glabrata (12.9 vs. 6.9 %, p = 0.01) and C. krusei (3.7 vs. 1.2 %, p = 0.05) were more prone to be isolated in private medical centers. In terms of antifungal therapy, echinocandins (2.9 vs. 18.5 %, p \ 0.001) and lipid formulations of amphotericin B (1.3 vs. 7.4 %, p = 0.001) were more likely to be used for the treatment of candidemia in private institutions, whereas deoxycholate amphotericin B was more frequently used in the public institutions (31.8 vs. 12.3 %, p \ 0.001). The 30-day crude mortality rate was 75.3 % in the public hospitals and 65.3 % in private institutions (p = 0.006).
As shown in Table 4 , the following variables were associated with higher 30-day mortality by univariate analysis: older age, period 1, public hospital, higher acute physiologic and chronic health evaluation (APACHE) II score, cancer, lung disease, renal failure, dialysis, mechanical ventilation, receipt of corticosteroids, no treatment for candidemia and treatment with deoxycholate amphotericin B. Infection due to C. parapsilosis and treatment with an echinocandin were associated with lower mortality.
By multivariate analysis ( 
Discussion
In this study we observed that while the 30-day crude mortality rate of patients with candidemia admitted to an ICU was very high, it decreased from 76.4 % in period 1 (2003) (2004) (2005) (2006) (2007) to 60.8 % in period 2 (2008-2012) . We also observed that among the predictors of outcome identified by multivariate analysis, the use of an echinocandin as primary therapy for candidemia was associated with a better outcome and that echinocandins were increasingly being used as primary therapy for candidemia in period 2.
Critically ill patients still represent a large proportion of patients who develop candidemia in tertiary care hospitals. In the present study, the proportion of candidemic patients in an ICU was 46.5 % over the entire study period and increased in period 2. As expected, compared to non-ICU patients, patients already admitted to an ICU when candidemia was diagnosed were more likely to have received antibiotics and invasive medical procedures, while cancer and transplantation were more frequent in non-ICU patients. An interesting finding of our study relates to changes in the epidemiology and clinical management of candidemia over the 9-year period covered by this study. In parallel with the observed increase in the proportion of candidemic patients who had been exposed to fluconazole prior to being diagnosed with candidemia, we found a substantial rise in the proportion of candidemia due to C. glabrata. The association between previous exposure to fluconazole and candidemia due to C. glabrata has been extensively reported [16] [17] [18] [19] . While epidemiologic studies of candidemia in Latin America still show a relatively low proportion of candidemia caused by species that exhibit a lower susceptibility to fluconazole [14] , the emergence of C. glabrata has been documented in other studies from the region [20] [21] [22] .
A dramatic finding in our study was the unacceptably high 30-day crude mortality of candidemic ICU patients, both in public and private hospitals. Indeed, two large studies published in the USA reported a decrease in the mortality rate of patients with candidemia during the last 10 years [5, 18] . The crude mortality rate in the EPIC study evaluating candidemia in ICUs was 42 % [23] , and two European studies reported 30-day mortality of 47 % [24, 25] . The high mortality rate observed in our series may be multifactorial and include poor general clinical conditions of sick patients (especially from public hospitals), delays in making a diagnosis and the choice of treatment. Interestingly, we observed a significant decrease in the crude mortality rate of patients with candidemia in the second period of the analysis. When we compared the clinical characteristics of patients from both periods, we found that age distribution and underlying conditions were similar, with the exception of neurologic and liver diseases, which were more common in period 2. In addition, the APACHE II score was slightly lower in period 2, although the difference was not statistically significant. We do not believe that these differences explain the significant reduction in the death rate in period 2-rather, important differences in the clinical management of candidemia did occur in period 2. Patients from the latter period were more likely to have been treated with echinocandins and less likely to have received deoxycholate amphotericin B. Various studies, including a randomized clinical trial [26] and a patient-level pooled analysis of randomized clinical trials [27] , have shown that the outcome of candidemia is better when an echinocandin is used as primary therapy. Therefore, it is reasonable to assume that the observed decrease in 30-day crude mortality in period 2 may have been, at least in part, due to the increase in the use of echinocandins as primary therapy, especially since treatment with an echinocandin was an independent predictor of better outcome by the multivariate analysis. As already reported in other studies, older age, treatment with corticosteroids and higher APACHE II score were associated with an increased risk of death [2, 25, [28] [29] [30] [31] . In addition, period 1 was also associated with a higher risk of death. It is possible that differences in factors related to patient care not captured in the present study contributed to the better survival observed in period 2.
Our study has a number of limitations related to its retrospective nature. For example, we did not have data to calculate incidence rates of candidemia in and outside the ICU. Likewise, data on trends in susceptibility of Candida bloodstream isolates could not be provided because of changing standards in reading the test over time. Nevertheless, according to the standards in each period, fluconazole resistance occurred in \10 % of isolates and was almost exclusively limited to C. glabrata and C. krusei (data not shown). Another limitation of our study is that In conclusion, we found a clear change in the epidemiology and clinical management of candidemia in ICU patients during the 9-year period of this study. The incorporation of echinocandins as primary therapy for candidemia in critically ill patients seems to be associated with better outcomes.
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